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THE DORNIER WIND TUNNEL*

By H. Schlichting
SUMMARY

After completion of the required calibrations, the
Dornier open-=throat tunnel 1s now in operation. With an
elliptic test section of 3 dy 4'm (9.84 by l3.1l2 £t.), 1ts
length i1s 7 m (22.97 ft.), its maximum horsepower 800, and
its maximum air spced 60 n/s (134.2 mep.h.). 4s to local
uniformity of velocity, static pressure as well as Jet
direction, and turbulence factor, this tunnol is on a par

with thoso of the good Gorman and foreign research labora-
tories.

The present equipmont includes two purely mechanlocal
balonces?! one 3-conponent, and one 6=component balance.

I, INTRODUOTION

The increasing demands for verformance and alrplane
characteristics wlithin the past few years have made the
need for our own wind tunnel imperative. In the develqp=~
ment of new deslgn types, individual questlions very fre-
quently arlse, in which small-pscale investigations are of
value in the congtruction only when they can be made with-
in a2 dofinite ~ usually very short - perlod of time. Be-
slidoas, puch greator use is to be expected of the costly
flight tests i1f they can bhe carried out in close coopera-
tion with the wind-tunmel tests.

The Dornier Works have therefore built their own tune
nol on thelr grounds at Hanzell, near Friedrichshafen, and
started to operate it (fig. 1).

Dinenslons of the tunnel were decided on the basis of
the followlng considerations: It was to be possidble to

*1Dor Windkanal der Dornior-Werke.® Luftfahrtfobachpng.
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gtudy cohplefe models at & Reynolds Number sufficlently
far above the critical Roynolds Numbor, nomoly:

= ¥t _ 4958

Ro = > = 10
(t 3is tho wing chord, v, the air speed, and Vv, tho
kinoratic viscosity of the air).- Further, moasurements
on separate alrplano components, such ns radiators and
englno nacollos at full size were to be possible. On the
othor hand, the costs and tho timo factor for wind-tunnel
oporetion Increase enorumously with the size of the tunnel.
For thoso roasons, the cholco fell to an elliptic test
section of 3 by 4 m (9.84 by 13.12 ft.) that can be en-
larged to a 4 m (13,12 ft.) circular sectlon by means of
an interchangeable cone. The maximum Jet velocity with
the elliptical cone in normal operation is 52 n/s (116.3
m.p.he), and can be raised to 60 n/s (134.2 m.p.h,) for
short perioda. The Reynolds Number for a normal wing
(span 2 n (6,56 ft.), and chord 40 cn (1.31 ft.)) is:

Re = Y& - 1,4 x 10°

- v

II. DESCRIPTION OF THE TUNRNEL

The general desizn of the tumnmel (figs. 2 and 3) fol=-
lows the well=~known Gottingen type, of which a number have
been built in Germany, England, and the Unitod States. It
is an open-throat tunnel with single return. The air pas-
sages are in a vortical plane, tho return beilng locatod
.beneath the test sectlon. Tho length of tho teast section
betweoon ontrance and exit cones iz approximately 7 m (22,97
ft.); the ontrance cone cross section is a horigontal el-
lipso of 3 by 4 m (9.84 by 13.12 ft.). Tho blower 1s
mountod oprosito the exlt cone in the return passage and
is driven through a 9.5 m (31,17 ft.) long shaft by n di-
roct-curront motor ingtalled outside of the tunnol. .

The tunnel bullding stands on a slopling plece of
ground. This, with the vertlcal construction, made possi-
ble a very practical arrangement: the tunnel axis lics
in tho diroctlon of the slope of the ground. On the up-
hill sido tho roturn passago lios 10 m (32.8 ft.) deep in
tho ground; on the downhilll sido, where the blower 1s
mountod, 1t 1s almost lovel with ground, so that the power
roon has full daylight (fig. 2).
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The horsepower required for the tunnel at maximum
-normal output 1s 420 kw., and 600 kw, for short periods.
Wind velocitles of 52 and 60 m/s (116.3 and 134.2-m.péh.),
regpectively, are therewith attalned. .

The tunnel is almoet completely housed within a 4-
story building (fig. 1), which coniains workshops on two
floors and the offices on the top floor. The actual ex-:
periment chamber, through which the open Jjet passes, 1is
three storles high. On the upper floor are the measuring
Platforms on both pides of a 6 by 20 m (19.68 by 65.60 ft.)
oponing and extending across-the jJet axis (fig. 8). FHere
a 3~conmponent balance is installed on a platform which
travols across the jet. A 6-component balance is to be
constructod upon a second traveling platform. In this
nannor, one model nay bo prepared while the other 1is being
tostoed. .o

Tho ontire test chamber is within reach of a 1.,5-ton
(3,307-1b.) orane. The notor switchboard 1s duplicatoed:
ono 1n tho onglne room, tho other on the platforn near the
balenco.

III, THE AIR PASSAGES

The greater part of the alr passages aro of reinforced
concrete, but entrance cono, oxit cono, and all deflector
vanes are of sheet metal. The ontire alr passago rests on
a baso soparate fron the bdullding.

Tho entranco cone (fig. 5) cen be swung about & horil-
gontal axls which 1g perpendicular to the Jot axls, so
that it can be adjusted to dbring the Jet axls in exact
horizontal position., -The exit cone mouth (fig. 6) is.de-
signed to fit the 3 dy 4 n (9,84 by 13,12 ft,) olliptical,
as woll as the 4 m (13,12 ft.) circular conoc. The on-
tronce section of-the nouth of tho exit cono 1s -olliptical,
tho oxlt seection circular, and the adjolning return pas-
.saga 1s of clrecular section, Thusg tho change from ellip-
tical to clrcular Jet takees placo ontirely within the exli-
cone nouth, A circular slot between exit-cone mouth and
the cone itself allows. the alr carried along fron tho test
-sectlon in tho open jet to escape. The throat 1s axiclly
adjusteble for about 600 mn (23,62 in.), so that the opti-
nun glot wldth can be obtained. By changing the width of
the slot the static pressure In the open jet near the exit-
cone nouth is considerably inflmenced. The exit-cone pas-
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sage following the nmouth 1g exganded 2°, and the adJoining
vortlcal passage 1s expanded 4”: thus, part of the section-
al expansion lies before the fan. The fan, of 5 m (16.4
£t.) dilanotor, 1s nountoed in the return passage. Diroctly
bohind tho fan, tho 5 m circular gectlon changes 1into a
square soctlon of 6 by 5 n, Thlg is followed as far as

the noxt-  bond (fig. 6) by the expanding passage terninat-
ing in a square section of 6.2 m (20.34 ft. square). Fron
hero on the gection 1s constant as far as the mouth of the
entranco cono, At tho base of tho entrance cone, the 6.2 n
square scction' changes to a 5 m circilar soction, and im
the attachuvd stecl entrance cone then ensues the further.
contraction from 6 n clircular section to the elliptical Jet
nouth of 3 by 4 n or the 4 n circular jet. The area reduc-
tlon for the olliptieal Jet is 4, and for the circular Jot,
‘3. Tho Jet 1s elightly expanded before the exlt plans, in
order to avold contractlion of the free Jet shortly -behind
the nouth of the entrance cone. The deflectors on the last
two bends before the entrance cone are rotatable as a whole
about thelr longitudinal axis, bdut the remalning ones are
fixed. Thls affords the correction for twist and veloclty
distribution in the opon Jot, :

A honeycomb consisting of square cells 500 mn (19,69
in.) long, end 80 nm (%.15 in.) on a side, 1s mounted in
the chqnber near the base of the entrance cone.

IV. UHOTIVE POWER

The fan is a 6-blade propeller of 5 n dlameter (fig.
7), drivon through & 9.5 mn (21,16 ft.) long shaft fron a
direct-current motor outside of the tunnel. The notor is
ingtalled outside the tunmel for ease of accoessibility.
The direct-curreont .drive notor i1s preferred to an alter-
nating-current motor bocause of the ease of controlling
the jet veloclty. The current 1s traneformed by grild-
controlled mercury-vapor rectifier. The maxinun normal
output 1s 420 kw. at 400 r.pen., ahd 600 kw. at 450 r.pele
for short-period overload., The low peripheral speed not
exceeding 118 n/s (264 n.psh.) was chosen with a view to
nininun noise. The hub part of the fan has a 2 n (6,66 f£}.)
dianeter and is falred in. The hud 1s of welded sheet 1lronm,
- the hollow blades .are of cast elektron and are adjJustable.
The fan shaft regts on four bearings, two within the hubd
Part, one intermediate, and one on the coupling to the
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notor. Bohind the fan are the 9-blade fixed contra vanes

. 0F. 146 0 (5,25 f£t.) depth. Tho rear third of these vanes

is pivotable with a viow to correction of slipstrean ro-
tation. . The hub part 1s carriod on two front and three
roar gupports, the lattor sorving at the sane time as
contra vanes. The entire fan is housed in gheet iron, in-
sulated fron the rest of the return passage by vartitions.

Y. SPEED CONTROL

Four valves in the Yower eide of the chamber in front
of the entrance cone (fig. 2) keep the dynanmie pressure in
the open jet constant with respect to tilnme. On opening of
tho valves, alr escapes fron the chanber, lowering the
speed in the open Jet. The valves are autonatically gon-
trolled by an Agkania air jJjet-tube controller. . This type
of regulator 1s superlior to controlling the notor T.pen.,
bocaugso it has less inortia for large wind tunnels. The
rogulator has a range from 40 to 120 nn (1.18 to 4.72 in,.)
¥eS., and tho set dynanmic prossurec is Ikept constant to
within %1/4 nn (0.0098 in,) ¥.5. The dynanic prossure.
roading is obtained from the chanber in front of the en-
tronco cone through an arnular duct of 12 mn (0.472 1n,)
insldo wildth fitted with 12 orifices.

Vi. MEASURING EQUIPMENT

Thls conprises at present a Séconpoqent balance (fig.
8) nounted on & 5.6 by 4.6 n (18.37 by 1E.09 ft.) travel-
ing platforn. The bajance is conpletely nechanical and is
pattorned aftor the Gottingen- B-component balance (refer=
once 1), but instead of scale beans. with woights, sliding
welghts are nsed. The rmoasuring rangoe amounts to 100 kg
(220.5 1b.) for the drag, 400 kg (881.8 1bJ for the 1lift,
and the angle-of-attack range up to *46°., In addition,
there 1s a fourth balance for the measurement of flap-
hinge noments. . :

Provisions for a.6-component balance on a second trav-
eling platform have been made; it 1s already under con-
struction. It 1pg glso operated mechanically and 1s pote
ternod aftor the Gottingen 6-conponent balance (referonce
2), but the model can be turncd through a full 260° about
tho normal axils. (Bdiltor's note: In the meantime, the 6~
conponent bolance has besn built and is in sorvice.)
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Tho nodels wore made in the compeny?s own shops, bo=
longing to tiae wind tunnel. All complete airplane modols
are built with a span up to 2.8 m (92,19 ft.). The fabriw
cantlon of the models followed clogely the proved Gottingen
method, namelys fuselage of wood, wings and control sur-.
faces of iron coated with a 2 to 3 nm (0.079 to 0.118 in,)
layer of gypsun. Notwithstanding the large size of the
nodels, the wing frame (epars with ribs and sheet inserxr-
tion) can be soldered. Deflectlion of tho nodels urder
load wos exanlined in prelinminary testsy the results were
satisfactory.

. The models are suspendod from round wircs of 1 to 2
nm (0.07937 to 0,079 in.) diameter; very large models on
streanline wires. Fizure 4 shows o model suspended in
the JOto

VII. OPERATIOR AND JET CHARACTERISTICS

The actual construction of the tunnel was preceded by
a searching tesi program on a model of jhe wind tunmel,
1:10 scole, in collaboration with the Gottlngen Aerodynam-
ic Leboratory. It included investligations of the dimon-
slons of the alr passages, the fan inclusive of gulde appa-
ratus rith reference to satisfactory wvclocity distridbution,
and the bohevior of the statie pressure in the open Jot.
Porformonce tests wero also made. Horeby it was found ex-
pediont to arrange the exit-cono mouth adjustable in axial
dirocitlon, and to make the treilling cdges of the eontre
vanos edjustable. Both were nrovided in the full-sized
tunne 1.

The ovcration of the tunmel has dlsclosed no partigu-
lar diffilculties. Oscilllations of tho alr stream as ob=-
served on revercal of the nower tunnels, dld not appesr.
The open~Jet velocity in relation to the power input, con-
puted on the basis of the modol test, was exceeded by 15
percont. Thig is due te the fact that, at the Reynolds
FNumbor of the full size, which is ton times hligher than on
the model, tho strean lossos are conslderably lower.

Following the starting of the tunnol, the open Jet
was testod very thoroughly. The measurements included:

1. Jet direction,

2e Veloclty distribution.
3. BStatic pressure.

4, Turbulence factor.
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Then the Jet was alined exactly horizontally by means of a
3=gonponent neagurement on g normal airfoll. The jet char-
acteristics were 1mproved as much as possible by cOrTe~
sponding measures.

In the qorroction of the Jet direction o maxi mum di-.
roctlonal difference in the same horizontal or vertical
soctlon of 0.2" was aimed at and attained. 'The Jet direc~
tion was neagured with 2 n (6,56 ft.) long, thin silk
throads, 'of which about five wore arranged in vertical and
horizontal planes, respectively. To improve the direcw
tlonal accuracy of the jet the best setting of the adjust-
able roar edges of the contra vanes was effected. 4 fur-
ther improvement in jJet direction was obtained by horizonw
tal and vertical gulde pletes-at the exit slde of the honey-
comb .In the chamber in front of the entrance cone, which
wero twisted according to the exlsting directional differ-
encCen. ’

The velocity distribution over the open-jJet section,
originplly showing 14 percent dynamic pressure differences,
was lmproved by "retouching" with the help of screens on
the ontrance side of tho honoycomb, The maximum dynanmle
pressure difference has been reduccd to 1 perceant of the
mean dynamic pressure (fig. 9), which is the usual figure
for good wind tunnels.

The statlc pregsure in the open jJet shall axlally be
constant over the greater part of the open-jet length, in
order to ingure satisfactory drag measurements on very

long models (alrplane fuselage, for instence). The static

pressure correctlon for the reglon before the exlt-cone
nouth was effected by changing the width of the slot be-
tween cone and mouth. The originally proyided aximl moye-
ment of the mouth made the variation of slot width easy,

Ultimntely the slot was set for 200 mm (7.87 in,.,) wildth,

The static préagure 1n the region direct 1y behind the
entranco~cone mouth was improved by changing the expgnsion
angle of the cone with the aid of insertions. The flnal
statlic presgure obtained is 1llustrated in figure 10, dAcw
cording to i1t the difference in statloc pressure for a test

~length of 5.5 m (18,04 ft.) is only Oe4 percent of the dy=

namic pressure,

To agssure satigsfactory 3- and 6-componont measurements
the Jot must further be very exactly alined horiszontally.
A minor inclinatiom X of the jet axis to the horisontal,
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falsifles the drag W in a 3= or 6=component test by a
11ft component A sin %, or a percentage of error in drag

amounting to %g = % sln X. It is greatest in the range
of best I/D; and for % = 15 and a Jet inclination of
X = %o' 14t amounts to %% = 13 percent. To assure the

drag measurement to be within 1 percent correct, the Jet
must not slope more  than about 0.03°. Such an exact nosz-
gle zlinement belng structurally impossible, 1t was attempt-
ed to achieve this by moasuring in the usual manner (ref-
erence 3) the polar of a normal airfoil with "normel" and
"invorted" suspension., The drag differonce of the two po-
lars thon gives the Jet inclinatlion. In the present casc
the incllination of the nozzle to the horiszontal amountod to
about 1/3o upward, which was easlly correctoed sincoe the
nozzle had boon 1nltlally mounted so that 1} could be row-
tatod. Flgurc 11 shows the polars of the Gottingen alrfoll
sectlon 409 after removal of jet inclination. The nolars
of the normal and inverted suspension colnecide.

For comparison the thtingen test of the same alrfoll
(reforence 1, ps 107) in the 2.26 m (7.38 ft.) tunnel has
been included. Tho Gottingen profile drag (at cg = 0)
1a greater and the maximum 1i1ft less than 1in our testse.
Both are atfributable to difference of Reynolds Number be-
twoen the Gottingen and our measurement.

The turbulence factor of the tunnd was ilnvestigated
aftter installation of the gcreens with the ald of the con=-
ventlonal sphere measurerments, Pollished wooden spheres
of 200 and 300 mm (7,87 and 11.81 in.) diameter were em-
ployed. They were so suspended on the Jet axis 1,600 mn
(63 1n.,) away from the oubtside edge of the entrance cone,
that no suspension wire was in front of the sphere.  The
results of the sphere-drag measuremnents are shown 1n flgure
12, The eritical Reynolds Number is By (e = 0.3) =
3.3 x 1085, Comparcd to the turbulence factors of other
wind tunnels (reference 5), that of our tunncl can be
called good.

Tranglation by Je. Vanier,
National Advigory Committeo
for Acronautics,
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Figurs l,- View of wind tunnel
building.

I S s
ViU Figure 6.~ The bend benhind the fan.
(view in flow direction)

Figure 7.- Fan and contre vanes
(view in flow direction)

Figure 8,~ Experirent chamber and
3-compcnent balance on
traveling platform.,

Figure 5.~ View looking toward exit
cone mouth,
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Figure 9.- Dynamic pressure distri- |
bution over 5 horizontal
sections of the open jet 0.790 m
away from the entrance cone. o
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Figure 1ll.- 3 component méﬁ.sufe-

Entrance] . _ —-—— ment of a normal wing after hori-
cone W ot o3 (e o3 o8 o7 Exit
——§ fxitcone {}’ gontal alignment of the jet.
ertrancy | — : (airfoil section:Gdttingen 409)
" ceni’._JE—j - ' » Span:b=2.0 m (6.56 ft.)
S Y “Gai .. Wing area:F=0,8 m® (8.61 sq.ft.)
Figure 10.- Variation of static pres'.aure‘"im1 791001"-5' v=30 m/s (67m.p.h.)
on the jet axis. _ /AK

/Comparison with G6ttingen test according to reference 1, page "107. )
Reynolds Number; Dornier 1'9— 8x105

" " : Gottingen —4x105
ly.cp .against, cy: . : e
Dornier: normal suspension° ' ———
inverted u : ——
AVA: —_—— - ——
2, cg against cp:
Dornisr: normal suspension: ——h—
inverted " : I

AVA: T/ === - - ———
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Figure 12.-~ Determination of turbulence factor from
sphere irag measurements (200 and 300 mm

(7.87 and 11.81 in.)diameter).
Critical Reynolis Number:By (cy = 0.3) = 3.3x10°
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